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(54 Title of the invention) Biaxial luminous flux drive apparatus 

(57) (Abstract) 

(PURPOSE) To provide a biaxial luminous flux drive appara- 
tus that is simple and easy to assemble and that is compact 
and lightweight 

(CONSTrruTlON) Equipped with a movable part, comprising 
a yoke 3 comprising a ferromagnetic body fixed to a re- 
flecting mirror J that reflects a required luminous flux and 
a magnet 2 having a doughnut shape and magnetized into 
four poles, a pin that pivot supports the rear surface center 
-of said reflecting mirror 1 via a leaf spring 7 movable about 
two axes, four or an integral multiple of four coils 5 and 9 
opposing said magnet 2 and arranged in a plane shape at a 
prescribed interval, and a fixed yoke 6 comprising a ferro- 
electric body arranged at the rear side of said coils 5 and 9 
and attached to a housing 15. 



[see source for figure] 
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(Scope of Patent Claims) 

(Claim 1) A biaxial luminous flux drive apparatus; charac- 
terized in that it comprises a movable part, which com- 
prises a yoke comprising a ferromagnetic body fixed to a 
reflecting mirror that reflects a required luminous flux and 
a magnet having a doughnut shape and magnetized into 
four poles, a pin that pivot supports the rear surface center 
of said reflecting mirror via a leaf spring movable about 
two axes, four or an integral multiple of four coils opposing 
said magnet and arranged in a plane shape at a prescribed 
interval, and a fixed yoke comprising a ferroelectric body 
arranged at the rear side of said coils and attached to a 
housing. 

(Claim 2) A biaxial luminous flux drive apparatus de- 
scribed in Claim 1; characterized in that it comprises an 
incidence optical system that forms light from a light 
source arranged in said housing into a parallel luminous 
flux to be incident to the side surface of said reflecting 
mirror and an emergence optical system that projects said 
parallel luminous flux that has passed through the side 
surface of said reflecting mirror to a light receiving sensor, 
pairs of said incidence optical systems and emergence opti- 
cal systems are arranged on orthogonal axes, and the angle 
of incidence of said reflecting mirror is calculated based on 
the output signals of light receiving sensors that correspond 
to the respective emergence optical systems. 
(Detailed Description of the Invention) 
(0001) 

(Industrial Field of Application) The present invention 
relates to a biaxial luminous flux drive apparatus used in, 
for example, laser beam printers, object reading appara- 
tuses, laser marking, laser trimming, image analysis, vari- 
ous measuring fields, etc. 
(0002) 

(Prior Art) Figure 7 shows a schematic diagram of a con- 
ventional biaxial drive apparatus, and, in Figure 7, 401 is a 
first reflecting mirror, and it is provided on a main shaft 
406. This main shaft 406 is rotation driven by an actuator 
403 drivable only on one axis and comprises a first scan 
unit 402 is a second reflecting mirror, and it is provided on 
a main shaft 405. This main shaft 405 is rotation driven by 
an actuator 404 drivable only on one axis and comprises a 
second scan unit In addition, these first and second scan 
units are arranged so that they mutually orthogonally inter- 
sect within a prescribed plane. 

(0003) Operation will be explained next The first and sec- 
ond reflecting mirrors 401 and 402 are rotated by the actua- 
tors 403 and 404, and an incident luminous flux 407 is 
driven in the biaxial directions of the X and Y axes within 
the plane of a target 408. 
(0004) 

(Problems To Be Solved by the Invention) In the above 
way, the conventional biaxial luminous flux drive apparatus 
drives the first and second scan unit reflecting mirrors ar- 
ranged so that they mutually orthogonally intersect within a 
prescribed plane using two respectively independent actua- 
tors, so there are problems in that the space resulting from 
the arrangement of the respective actuators is large, and the 
system as a whole becomes large. In addition, there are 
problems such as positional adjustment between the two 
actuators being difficult . 



(0005) The purpose of the present invention is to achieve a 
biaxial luminous flux drive apparatus that solves problems 
of the conventional apparatus such as the above. 
(0006) 

(Means for Solving the Problems) The present inven- 
tion comprises a movable part, which comprises a yoke 
comprising a ferromagnetic body fixed to a reflecting mir- 
ror that reflects a required luminous flux and a magnet 
having a doughnut shape and magnetized into four poles, a 
pin that pivot supports the rear surface center of said re- 
flecting mirror via a leaf spring movable about two axes, 
four or an integral multiple of four coils opposing said 
magnet and arranged in a plane shape at a prescribed inter- 
val, and a fixed yoke comprising a ferroelectric body ar- 
ranged at the rear side of said coils and attached to a hous- 
ing, so it becomes possible to drive on two axes simultane- 
ously, and it is possible to Tealize a biaxial luminous flux 
drive apparatus that is compact and lightweight. In addi- 
tion, the drive source is a one-set magnet system, so diffi- 
cult positional adjustment is completely unnecessary. 
(0007) 

(Examples of Embodiment) Figure 1 is a cross-sectional 
view that shows a biaxial luminous flux drive apparatus 
resulting from an embodiment of the present invention, and 
Figure 2 is a top view thereof. In Figure 1 and Figure 2, 1 is 
a reflecting mirror 1 that reflects luminous flux 16 from the 
exterior, a square reflecting surface is reflection coated, and 
that side surface is mirror processed so that it fulfills the 
role of parallel plate glass, and it fulfills the role of parallel 
plate glass. A pin 4 is pivot-supported via a gimbal spring 7 
as the leaf spring that can be rotated about two axes at the 
surface opposite the reflecting surface of this reflecting 
mirror 1 , and the other end of this pin 4 is held on a hous- 
ing 15. A doughnut-shaped yoke 3 comprising a ferroelec- 
tric body such as electromagnetic soft iron is fixed to the 
gimbal spring 7, and a magnet 2 is fixed to this yoke 3. 

(0008) Here, the gimbal spring 7 adopts the configuration 
shown in Figure 8. The gimbal spring 7 uses a material that 
has excellent elastic deformation, such a spring material, 
and is formed as a unit Support parts 74a and b are pro- 
vided at opposing inner sides on a square frame fixed part 
71, and a movable part 72 is connected and can be rotated 
centering on the support parts 74a and b. In addition, sec- 
ond support parts 75a and b are provided at opposing inner 
sides on square frame movable part 72, and a second mov- 
able part 73 is connected and can be rotated centering on 
the second support parts 75a" and b. Through this gimbal 
spring, movable part 73 flexibly rotates with respect to the 
fixed part 71 centering on the X axis and the Y axis. 

(0009) As shown in Figure 3, the magnet 2 is such that the 
surface is magnetized into four poles. Here, said magnet 2, 
the yoke 3, and the reflecting mirror 1 comprise the mov- 
able part This movable part is attached to a housing 1 5 so 
that rotation is possible about two axes by means of a pin 4 
that is pivot supported via said gimbal spring 7 at the rear 
surface center part of the reflecting mirror 1. The configu- 
ration of the coil parts is shown in Figure 9. 

(0010) In addition, four or an integral multiple of four coils 
5 and 9 wound in an approximately rectangular shape are 
arranged on the housing 1 5 in a plane shape at an interval 
so as to oppose the magnet 2. A fixed yoke 6 comprising a 
ferroelectric body is arranged below these coils 5 and 9, 
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and as it fulfills the roles of concentrating the magnetic flux 
created by the magnet 2 and the yoke 3 that comprise said 
movable part and increasing the magnetic flux that passes 
through the coils 5 and 9, it generates a force that attracts 
said movable part to the pin 4 side and restricts upward 
movement of the movable part 

(001 1) Here, the opposing coils 5 and 9 are connected as 
shown in Figure 10. The coils, which have been serially 
connected to the lines of magnetic force generated by the 
magnet 2, are wound in respectively opposite directions 
and respectively generate positive and negative force. The 
movable part is rotated in conjunction with this. 

(0012) 10a and 10b are light sources such as semiconductor 
lasers, 11a and lib are collimator lenses, 14a-l, 14a-2, 
14b-l, and 14b-2 are reflecting mirrors, and 13a and 13b 
are light receiving sensors such as PDS, and the incidence 
optical system comprises light sources 10a and 10b, colli- 
mator lens 11a, and reflecting mirrors 14a-l and 14a-2, and 
the emergence optical system comprises reflecting mirrors 
14b-l and 14b-2 and light receiving sensors 13a and 13b, 
pairs of these incidence optical systems and emergence 
optical systems are arranged on orthogonal axes and are 
used to measure the angle of rotation of the movable part in 
the directions of two axes. Note that, as shown in Figure 4, 
a slit plate 30 may be arranged between light source 10a or 
1 0b and collimator lens 1 1 a or 1 lb. 

(001 3) Next, the operation of the above embodiment will be 
explained with respect to the control block diagram shown 
in Figure 5. Light from light source 10a is made into ap- 
proximately parallel luminous flux by collimator lens 1 1 a, 
passes through reflecting mirrors 14a-l and 14a-2 twice, 
and is incident to the side surface of the reflecting mirror 1 
of said movable part The luminous flux that has passed 
through the interior of the reflecting mirror 1 and has 
emerged from the side surface of the reflecting side passes 
through reflecting mirrors 14b-l and 14b-2 twice and 
reaches light receiving sensor 13a. In addition, the light 
from light source 10b reaches light receiving sensor 13b via 
1 lb, 14a-l, 14a-2, 1, 14b-l, and 14b-2. 

(0014) Figure 1 shows a neutral status, so the electrical 
output of light receiving sensors 13a and 13b expresses the 
zero point output of a neutral status. 

(0015) Target position information (X, Y) from a computer, 
etc. (not shown in the drawing) is recalculated to the de- 
flection angle of the movable part by the controller 71, and 
the drive current of one set of coils 5 and 9 is determined. 
This is converted to electrical current by drivers 73 and 72, 
and the movable part is moved by means of causing this 
current to flow to the coils 5 and 9. The movement angle of 
this movable part is fed back to the controller 71 using the 
output voltage from light receiving sensors 13a and 13b, 
and the amount of dislocation with respect to the target 
angle is recalculated, and electric current is supplied to the 
coils 5 and 9. 

(0016) Figure 6 shows the status in which a prescribed 
electric current is caused to flow to coil 5, and the movable 



part is tilted in the direction of one axis. In this case, the 
reflecting mirror 1 of the movable part fulfills the role of 
parallel plate glass, so the luminous flux from said light 
source 10a is such that the position is shifted in the down- 
ward direction onto light receiving sensor 13a, so it is pos- 
sible to calculate the angle of inclination of the movable 
part by comparing the output of the light receiving sensor at 
this time and said zero point output using a computation 
means that is not shown in the drawing. Therefore, it is 
possible to calculate the angle of rotation of the movable 
part about two axes by arranging two angular measurement 
systems such as that shown in Figure 2 on orthogonal axes. 
(0017) 

(Effect of the Invention) In the above way, through the 
present invention, the configuration has been made such 
that driving is possible in the directions of two axes simul- 
taneously by means of a drive source comprising coils ar- 
ranged on orthogonal axes and a one-set magnet system 
that causes a magnetic flux to act on said coils, so it has 
become possible to achieve remarkable compactness and 
lightness of weight. In addition, with conventional appara- 
tuses that used actuators as the drive sources, positional 
adjustment between the respective actuators was extremely 
troublesome, but the present invention does not use actua- 
tors, so it has the effect of achieving a biaxial luminous flux 
drive apparatus with which positional adjustment is unnec- 
essary and assembly is easy and simple. 
(Brief Description of the Drawings) 
(Figure 1) A cross-sectional view that shows an embodi- 
ment resulting from the present invention 
(FIGURE 2) A front view of Figure 1 
(Figure 3) An oblique view of a magnet 
(Figure 4) A drawing of an optical system 
(Figure 5) A control block diagram that explains the opera- 
tion of an embodiment 

(FIGURE 6) A drawing of the status in which the movable 
part has been tilted 

(FIGURE 7) Figure 7 is an oblique view that shows a con- 
ventional example 

(FIGURE 8) A schematic view of a gimbal spring 
(Figure 9) A schematic view of coil parts 
(Figure 1 0) An explanatory view of coil wiring 
(Explanation of References) 

1 reflecting mirror 

2 magnet 

3 yoke 

4 pin 

5 coil 

6 fixed yoke 

7 gimbal spring (leaf spring) 
10 light source 

1 3a, 1 3b light receiving sensor 

14a-l, 14a-2, 14b-l, 14b-2 reflecting mirror 

15 housing 
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(Figure 1) 
[see source for figure] 



(Figure 2) 
[see source for figure] 



(Figure 3) 



(Figure 4) 



[see source for figure] 



[see source for figure] 



(Figure 5) 



(Figure 7) 



[see source for figure] 



[see source for figure] 



[top] X and Y coordinate input 

71 angle measurement 
coils 5 and 9 

drive current determination 

72 driver 2 

73 driver 1 
[below 72 and 73] 

supply current to coils 5 and 9 
13a sensor 1 
13b sensor 2 



(Figure 6) 



(Figure 10) 



[see source for figure] 



[see source for figure] 
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(Figure 8) 
[see source for figure] 



(Figure 9) 
[see source for figure] 
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(Amendment) 

(Date Submitted) June 29, 2001 
(Written Amendment 1 ) 
(Document to Be Amended) Specification 
(Item Subject to Amendment) 0008 
(Amendment Method) Change 
(Content of Amendment) 

(0008) Here, the gimbal spring 7 adopts the configuration 
shown in Figure 8. The gimbal spring 7 uses a material that 
has excellent elastic deformation, such a spring material, 
and is formed as a unit. Support parts 74a and 74b are pro- 
vided at opposing inner sides on a square frame fixed part 
71, and a movable part 72 is connected and can be rotated 
centering on the support parts 74a and 74b. In addition, 
second support parts 75a and 75b are provided at opposing 
inner sides on square frame movable part 72, and a second 
movable part 73 is connected and can be rotated centering 
on the second support parts 75a and 75b. Through this 
gimbal spring, movable part 73 flexibly rotates with respect 
to the fixed part 71 centering on the X axis and the Y axis. 



(Amendment 2) 

(Document to Be Amended) Specification 
(Item Subject to Amendment) 001 3 
(Amendment Method) Change 
(Content of Amendment) 

(0013) Next, the operation of the above embodiment will 
be explained with respect to the control block diagram 
shown in Figure 5. Light from light source 10a is made into 
approximately parallel luminous flux by collimator lens 
11a, passes through reflecting mirrors 14a-l and 14a-2 
twice, and is incident to the side surface of the reflecting 
mirror 1 of said movable part. The luminous flux that has 
passed through the interior of the reflecting mirror 1 and 
has emerged from the side surface of the reflecting side 
passes through reflecting mirrors 14b-l and 14b-2 twice 
and reaches light receiving sensor 13a. In addition, the light 
from light source 1 0b reaches light receiving sensor 13b via 
lib, 14a-l, 14a-2, 1, 14b-2,and 14b-l. 
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(54) BIAXIAL LUMINOUS FLUX DRIVING DEVICE 

(57)Abstract: 

PURPOSE: To provide a biaxial luminous flux driving device simple 
and easy in assembling, small in size and light in weight 
CONSTITUTION: This device is provided with a movable part 
consisting of a yoke 3 consisting of ferromagnetic body fixed to a 
reflection mirror 1 reflecting a required luminous flux and a 
magnet 2 having a doughnut shape and magnetized into four 
poles, a pin 4 pivotally supporting the rear surface center of the 
reflection mirror 1 through a leaf spring turnable around two axes, 
four pieces or integral multiple pieces of four of coils 5, 9 
opposing to the magnet 2 and arranged in a plane shape at a 
prescribed interval and a fixed yoke 6 arranged on the rear side of 
the coils 5, 9 and attached to a casing 15 and consisting of the 
ferromagnetic body. 
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